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FRECOlWrnOTfED CRYSTALS OP UTHIUM NIOBATK AND LmOUM 
TANTALATK AND METHODS OF PREPARING THE SAMK 
Tfab ippUcaiion is a oontiiwsiKB'in'pan of prior U.S. ippHcatioQ nsial ao. 
08J900,179 entiikd FRfiCONDrnONED CStYSTALS OF UTHIUM NIOBATE 
J AND IJTinUMTAOTAIJiTB>WD METHODS OF PREP ARINO THE SAMR 

filed on July 2S. 1997. 

FleM of the ftwentim 
The present invention rdstes to inn aov e d oystals of lidnmn mobste and 
UMvn tantalate and roetbod* of ^necauSoiJaD^ roch aystah ftr we in ekcsical 
10 qifdicBltesiich as safimacottatic wave filler d 

Udmnn mobam 0^ Hdiinm taoalate (LI) m 
of decMic iimrfiff**i*^ inchufiAg smtee aoonstic warn (SAW) dffial praccssmg, 
g^rided^im opdc nKKlutaiioD ami swi^^ 

IS and modoladOQ. The pbyskal basis fiv ibe snitibiliiy of Il« aiid LT 

tH*fr «ype« flf af^hciiam ii ihcir atDnbo-gcalc crystal strooore, wtocfa reanto in (he 
aysaW aiinml ptT T^rV*"*'*** response useful m SAW-faased devioea. dearo-oftic 
response nsefid in m t egra ted optic devices and pyroclectric wspunse osefld in 
pyioelectRC detoctocs. Anotber duzactehstjc of LN tind LT that may bo intpoztast in 

20 some appKcatiom is tbo optical absoiption of die crystal. For example, imegrated 
optic devices require a telstivdy small optical absotptton, while other devices; sscb 
as SAW filtoB do noc seqnin a taw optical absocptioo. In some Umaucca, dns 
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natttxal pbyRcai rcspoase of ibe aystals on complicate crystal processing «Qd 
•dverseW effect perfanniDcc of devices in wtach li» oyslals arc inoorpcrated. 

A cfystaTs pyrodecoic of p»zoe!ectiic xesponse cmses dw cxtasa} fuxftoea 
of a &bric«ced oysxa] to bcccsse elecsicaOy t^atged in rcspoms to • cfaaogs in 
5 tempcratnro of flw cryail or in response Po • nwrtttmcal stren applied to the oyttnL 
These electrical sra&cc cfaatges can gcpti n w iOTly chat, with anodiSBd sgaOdag 
qm^n ^ Ainattc pmr» «tmg or petfiainance firihacL Of evea cxyauJ Ducanie. One 
^^^H|l^fM■■^ *—t« yiii nf | .*i ft iii MM * ftfhm b an vpacecpitfily higli bit-expoMsse 
of UM»sedSAWfUteniaedtedi«bdndtoiF^lieaii» £b order to avoid aicb 
10 types of ftilmes, amem pniductum pratocots for tboe typea of filtos include 
QdB»n^ CBul cosOy dsvtoe testing designed » elixDi^ 
spntiaos pyrodecnne or piezodeetric iodoced 

The process of inoospoiuins LM or LT crystals into electrooic devices often 
iixchxies rtqu that resalt in CTpogT» e tho oystais CD costdiuons that invoke «n 
15 untimely snd uawioed pyroeloctric or pieaodectric reqxnse. In an effiat to icdnce 
the risk of probless assodsted with the mriTTtmrtfd build up of surface cbai^ca. fer 
i^aTwp t/'- catBStroirtnc dtscbaxge of these chat^gss doing mitpuft ctntev device 
maxm&ctuxcn have bad to take steps that add fiigmficanily to the cost, tfane, and 
oonqilesdty of inoofporating &e crystals imo devices. 
20 For LN and LT ciystab maroiftctund hy caanKsattooa] mesfaods, snrfaoe 

charges can eventnaUy decay wife time aa Ihey are a entfiliynf by the mflvcmsnt cf 
fteedMtgefhimVriihintheayMtf iBctfarftom This 
natnral decay oocin after dift ni&ee duTBe devdopa and docs DoChjog to iDi^ 
or minimize ttw de^ee to vfaicb ifae sorfhoe of fee ciynal beomies cbaged n 
2S lesoItofdiecnrttBrtfatBnl^caDeleetrieorpynxdecttictapai^ 

Jn view of ifae inoeasing demnd ibt leiBbla Uf aad LT oystab for 
appiiTfUywHi gQGli as smftce aconstiG wave filter devioes, gmded wsve optic 
TO«ihihifi«m and switehiQg^ and deeno'Oipcic Q*«witchmg and modulation, the need 
exists for tX and LT crystals thai oomtnue to exhibit properties diat make them 
30 dsinble fi» sndi appticatioos and that do not snffo from the drawbacks associated 
wilfa die bmkhip of excessive apoiioospyrodtectric or p teroeloct itf 

RmmwaTv of the Iwventkm 

bt accordance widi (he present invention, crystals of LN or LT are 
precoodittoned id inae&se the abilii^ of the crystal to reduce electrical charging of 
35 the oystal sartee. Oystab of tbe present inveoiioo are able to rcdnoe electrical 
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cfaanyog by efisctivety redadng or dfaiipiting Ac buildMp of anfece electrift cfawgeg 
(cassed by tbe natnnl pyrodccinc or piesodecbie icqN^^ 
MS jast u tfae dUBgea sn gcuei n ad. 

TTic picacat invcBtioB tlso refagt to ■ mdhod ftf pw miwBiHTnm g or an LH 
S or LT oystBl to mcRaae tbe oystirs abOity to icdace ekcoie cbupBS of <be 
ciysttri smftcB. Id > prefened n i rtwidlmf.m of fee rodhod aspect of the prawnt 
iBveMiaa, the afaiUqr of «te ecynd » rednoe eleciTO 

is incnnBd by aposmg the cryital ts c tpmhiiMtiym of beat and a ehanicaay 
redtKtng atnucplm to nccease tbe fiea decim 
10 by a Gootnlled <pxndiDg of fte i«ailting cryceal to a 18^^ 

ebois25<rCtDabaas IO(rC. AfterdiecayslaliaqneDcfaeaitiiuybecooledtDtoom 
taup a ani r e under qflw an o if di ring cr a tedacicg tmioapligm. 

The pfcsent mventioa providfls oyeala which can effectively mimmiTO dw 
buiktop of electric cfaarga oa die ajttai sur&ce Out are icdoced by die oystaTt 
IS aatunl pyroelecinc or piiaocVintrtc cespanse» pamctdariy fliose suc&ce cbarges tbot 
build Tzp AS a result of mecbamcal stress or tanperitore cbange act a nnriww l with 
the a3nnaloper«tion of dKdriace in whkh the crystal b inooi^^ InapiefcrrBd 
the precooditkned crystal ia abte to tedoce cm&oe chaxgins by 
ocQtralatng or dissipozm^ die»e charges as fiat as Ihey are ftoM rit fi t. 
20 p>c»iV^ rwr-rtpifftft «f rfw Pwiferal Riiilwidiincnt 

The W (the compoond ffanned fiom UjO and Hfa^Qs) and LT (ttw 
^^yn ^"^ fbmxea ftnn UjO aad Ta^Os) cxystili of die present nnrentioo exhibit 
^f iB j^ tf ^ i j f ie^ and pytodeebic f cspo ns e a dut make the crystds suitable ffar 
■ pp««ti«i« such as sorfiKe aooaitie wave (SAW) stgpal pnxeashig, guided-wxve 
23 opcicInodaUtMoandswitI±mg,aI)delectEO^cbaer<^^ 

The present inveotion is described below to the contort of LK crystah^ bowever. the 
dcsaiptioo is betierred to be equally appUodjIe to 

tN awl LT ciystato can bo grown by a BUiiibcr of tachniiines, ttw beat kxw^ 
of whidi is die Oochialski tcdnaqoe. A summary of the Czndiralskitedmiqoeean 
30 be finmd ia Cnnent Topics and Material Sdatce» Vol. I, E. Kakfa editor, Notdi 
Holland Pnfalishing Ox, 3978. dt 7 by Dr. Amiin Rfltdw 

imxtt pu uUfl d by mfiacace. LN oTstali grown by d» Csodnlski tochniquD are 
achieved by pttUiogLNfiom a melt Meariy any land of ooiiveittiaitai crystal {nliiitg 
sppMia can be used. The oocOAi in wWch die LN U heated can be plstfamn. 
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Ttnv are ao special rtcniimria for <3ie Btmmptoe, with air in many i 



Aa aowd m the ba d tyi m nd of ifce invemion, LN ay«»»« «hihit a nttari 
pieaoetccirio «nd pyrodearic response. Asaicsnlt, sa iSnstnttdia theCoiupaiativc 
S Example s« fbith bctow. LN eryaah ia tbc fonn of w»fcit bufld up ssz&cv charges 
whsD cnlgceted to a tenqxmm ^^M^gf, socfa at those encoonteccd wben such 
ccyttals ace pRxessed and inoapoiatBd titto elecsrical devices, or when die devieei 
an lued. Itee stoftce Gbaf«ea, whidi can take extended periods of time (&g„ 
13.20 hours) to dissipate naturally, can canse marking or sbortin& ^Mdiich can lead to 
10 device natfimctiaD or ftflure or even crystal firacnoc. In contrast, as described in die 
Example that iblksws the Con^andve Exanq^ pnoonditioned LN wafers of the 
pnaent inventica ore able to efiwiively redncc the bmfahxp of si least a poctzoo of 
sutftce diazgca resohing fiom fbo crystaTs nauni pypoelectrte response. By 
effccdvely tedncing snrfcce charging. (1) dw risk of spai»it« is redoce^ 
15 of device ftihse can be rednccd; sad (2) die need for costly and time intBBriTe 
ptDoessing steps normnOy osed to tediics the httildap of siB&ee chstg^ u snraide^ 
While not infiBBded tn be Hmited to aoy psnicalar ibeoiy. it is believed thai 
dK obsGKved zcdactiOD in aoite cbaighis fbr pteoonditkaBd ctystnb 0^ 
mventioa U a lewll of tf» tavnaaed elee&sad coadoctrrity of the praixwdhioned 
20 crystals oostqparad to crystals diat ham not been preeondidaned. Pteftwhly, the 
oystart dectnod eoodoctivi^ is incRased witfwot a aigmficant cfaaqge tai other 
physical and deCiiiesl properties dnt make the eryt/al desiiable for its inteoded 
piapose. Ihe imease in dectriool conductivity is beUeved to result fiecn an 
rf ftf wve dumgig in theoxidgtr w ytate of a pcntinn of the nkdnam or tantalom ftom a 
25 +S ffTtT^ffif** stase to a +4 oaddation state. The resulting i ncrea t se ia elccsroo density 
is believed to increase d» electresiiG conductivity of the crystal, which alhywa the 
oystal to more tepidly u e u ir s ltee or dissipate surfisce charges resulting fiesn the 
natural pieeodectric or pyroelectric r e sponse of die ctystil. A prcfored process fox 
precandttioning LN eiyscab is described bdow. Odier tecbuques capable of 
■ 30 mr r*^s die elecumii c oandocdvity of the crystal widxmt adversely afibming the 
■ odKerphysicdsndelcctncalpRvertesQftbeGiysGalcaDalsobeasedtoiBCKBie 
ability of a LN or LT oystal to rediKe snrftce ctaaiBjcag in aooardaDce widi 
present invention. The ipedSe process described below is pcefined, due to in 
shnplid^ end eeae of eeoooL 
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LK or LT (sysuU of the preaent anrc&ticm have been treated to iu a cMe the 
oystal's abUity to neuCnlEn or disstpsce decnical charges on the ctystal snrCtcc 
Preconfiitioned aysoti thai have been pceoonditiaofid using the method of » 
yjefq i t d embodnocat, unlike crystals ttiat hare not bees precond ition ed, exh&nt a 
5 color nns»S ^S^^ Sny n <l«k bine or black. The ^ystals may be li^aly 
adored or they ttay be opaque, depending on the f i nHlitimn that are used to 
pscoooditxfia (be crystal In view of dxis color change, the praoooditianed crystals of 
die pfcfeired cadMdanett an inefened 

not a critiBal oyilal lamiei t y. Tlie pr ec o n di rio aed cryst^ after bdng aq me d to 
10 conditions that cavote a iiyioelectiie cespoose^ afaibit a mfftce cHaige that is less 
than the isr&» dxarge that is obserred from ctyscaia eaqiosed lo Ute same oondttiani 
that bnre not been pi eco odi t i otted aecoidmg to the present isvaition. la catam 
atnatxans, as deaoribed below in the Example, pceccoditianed cryatala of the 
pre fared esbodtmesl do not exhibit any measurible pyiudcUiic charge after being 
IS oipqifd m 1 «*i*Tr"«**^ mmmny inweJcea a pfwadacttic iwujcpsft that 

lesuhs in the fbmaxion of aneasurBUe stn£we charge. 

One process for pi«xmdrtiacing an LN crystal in ac co nimcf , with the present 
inventmn inroWes exposisg wafers of LN crystals to heat under a chemically 
xedncing a t m o sp here. After the wa&is are exposed to tbc dcstrod tempcntnze.fiK a 
20 predetcnmned period of time, tiiey are (punched by cooling the oyaisls to a 
tenipaamre tanging between tboni 230 C* to ahont lOCTC under a cfacnneally 
tcducsttg stnMSifierB. Tlie qoeiiched crystals are dien preCaabfy allofwed to eool to 
room under eiflier a reducing atmospfaoe or an oaudtzing ■i i uin p hc P B, 

mch as air. Suilabfe prrronrfitioning of LK cqM waftts can be achieved by 
25 otpesiDg the wafas to targes toiipentucs in an oven gieater dun stent 500^ UDdsr 
m 85% mttegiBa gas and 1S% h ydiog eo gas ai i mm i l i f r e for dwell times on the <adar 
of abont one to abotH 200 annates. Ate the wafers have been oqiosed to the target 
tempeam tat the p ie detenniafd period qf tiine they cab be qnencfaed in the oveo 
by Godliiig die ciystab ia the oven under the same reducing annospherc tmdCT 
30 tiisy woe inldiBy beetad or under a di£fonan redudng atinftsphne. It is preferred 
(hat the oystah be qneocfaed under a rednci&g atmosidKre, (as opposed to an 
^^riAi-riw,^ al mmpUae) to mroid a reversal of die reduction that oocuoed at die hi^icr 
*PTw ^ .>i iiii ii ii ji TiMpatpnM of d^ggneniA is to cool tf» crystals while rnamtaining the 
son-eqaiKbrinra condition diat resuhs from dw initial faestsng sup o odt r the 
33 chemically reducing atewspbere. Widwut betog bound by dwny. His believed «wt 
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initial bMting step w«fcr a chemicaBy redncmg atmo^ibsK impart* a mcaartable 
OQoditioa to the cxysul whoem the crystal ia oot st cqoltfaniizn wifli icspea to il» 
oxygen contmt. It is bcUeved tbal the qaeaching step effectively TodB thi« 
tneisstablc state. To cfibctnxly lock in &is twa^cpiaihriiim co^ 
5 u ete &aaiy to carry cRoa Q>e <pxeochni8 step xadtr a clienrically reAiriqg ■ i .i.it fl^A u. re in 
onkr to mijunns cr 8v«d thft levecsd of the ledudoB a 

stsp. ODce the oystab feaeh m tniuiqmiiie of Om IfXTC or less, they can be 
oodfid to room tempexature under ex^Mor a cfaemicaMy teduong atmosphere or in 
oxtdiziag ainuiqibeR. If coolmg of tfaeqoa^^ 

10 oxidiBng annoaphato, ft is preifiawd thai the introduction of the oxidizing 
atmosphBre occur after the iguipMamte. of the cxystal has dropped below about 
]OI)*Q 9(> as to nuninuze any oxidatian of the redijced crystaL 

Aa inustrated in the Exan^ that follows, (he p i n i uxtifinnnd oystal wafta 
dttt lave been exposed to eoodztions that invoke a pyioelectric response exhibit 

IS suite chatgeg thai lie h» than the sor&ce charges dial buiWiq»ooidenti 

that have been oqioaed to the same conditions bm have not been pn xo n dmmi cd in 
acooidancewi^ die pxesem invention. In. additkm. wbco a dctectobie sar&ce dsar^e 
is obsetvcd. the tengtb of time required fbr the snrfece charge to decay below 
detectable Icvds using a oonveotiona] elecirostsiic field meter U tea ftr 

20 precondiiioned crystals coaqmed to oyafed vnifttt Ibat have act beat 
pfeeooditMoed. 

fMSti^ to dtoae described fllwve and in die Bkample that follows. oOer 
target tempemuRS, heat vp and cool down rates, dwell times and auunphaes 
mlM» fbr inzeasing the ability of die ayaai m redaoe sntftoe cfaargiog wilham 

25 advenely affecting the deanaUe p ai in u iaii r ^ properties of *e ctystal can be 
empIoyBd. For exaovle. in addilioo to d» hydrogai and nitrogen gas nnamre 
deactflied bciew, od» gMes such es hydrogen alone, nitrogen atone, argon, water, 
caiboai dioxide^ caibon monoxide^ and combtnatxans tfaeieof can be naed in 
y^^« «hmfla wifh the present invention. A condrination of 85% mtrogen ^ and 

30 15%hy«h09m gas is pre&ned becaase of its xeady svaUabiKty ftom nmnerous 
commeicial aoon^s. Jt is contemplated that (fiffaeot gv mixtnrea wOl provide 
(fiffiaent results so to as the extent of die reduction that is achieved. 

The rate at which d» crystal wafers are heated is taoc believed to be oiticaL 
E£Ebctive preconditiomng of Lti oystab can be achieved at heat op nOS of aboNSt 

35 ff»C to about TX: p« minatB. likewise, the cool down late is oot believed lo be 
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oitical and effective precomHtiooing of LN crystals can be ac^evcd ai cool down 
mes Tanging from about 0.5^ to about 1 (XTC per minute have provided satisfactory 
tesnte. Otbcf healing, rates and cooiing rates that are citfao greater or \tst than those 
set fijcth above may Bbo be used. 
S Effective p p w*ry * y*i""*"g ia ocfaieved at owea tempentnces above 500*0. 

Pitfaatair, the oven f-.ij;*«.^«» * nmaea fiom about 500^ to up to about l,14(y»C 
(«bB Caie tcQq>entBre ftr fillBum niatete) aid in^ 

to dxRxl 1.140*C The Uglier tanpenians are pnfiBRed because diey pravnte • 
grester hwr'***' in die riuHiy of tbe Gtystal to reduce surftce ducsmg c oni pa re d to 
10 taiventunsmarOBlomrcsdof dienB^es. For oven tempcraturM closer to the 
tower end of die ranges noted above, an increase in die abiS^f of *c ciystal to reduce 
cuiface diarguig is observed, bat the increase ti not as great conipared to the increase 
observed at die hi^ior ten^Mtatoxea. An incre2Be in the ability of tbe oystaSs to 
rri^ fr*^«^ rh ^ n ^ fthMivrf at temperannea below afaoot SO0*C wlthmirfi 
IS such incteaaes arc kss than those observed at temperatures greater than 50(r*C As 
above, dq)ending tqjon tihe effect of the preconditianisg on odier 
pxvjpexties of the crystal, the lower temperatures may be suitable and in feci preferred. 

The dwdJ times that tbe cxystala are exposed to (he tzxget lempaature in 
acooxdance wUh die present inventitm can vasy. Iwarai ing the dwdJ tnaes fi»r a 
20 given target teapenttne and atmosphere sboold ioerease the ability of a ciystal to 
Kdnce auftee charge build up oompascd to oystals exposed to die target 
i y ., ^ ^ a i . .. p . fox sfaozter dwell ttntes. Shorter dweU times are prefierred fiom the 
jmtHjp^ rimes and enetyv l e^uim umis fw the moccss. 

Id aceoidjm witb ooB OMlbKl of canying otit a process is acc^^ 
25 ihepsescotiiiveatioiutowatdslbeendofthecpaxAiitgsle^ 

die cryitals csn skrwty be convoted to an ooddxzing asmosgbcrc once the crystals 
t r arii ■ tn» ^^«» f e «f alwHit 100^ or less. AvatdcBgconiMtof thecryttabwiiban 
fT»t*iWt^ stmosphoe as temperatures above !00*C is pusfemad in order to avoid the 
oxtdatbott of dte already redoced c^vtaia. 
30 As set forth in more detail below in the Comparative Example and the 

Example that fdlows, preconditioned LN crystal wafers of the present inveutioa that 
have been exposed to cosidilions thtf invoke a natmal pyioelectric response, exhibit 
sux&ee charges that are less than the snftca charges observed on conventional LN 
wa&rs dai havo not beoa preoonffiwaed and have beca exposed to ths laiiis 
3S oooditioas. 
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flfi^npMtivft Example 

' Hus OTm iffl ff tt "^ ^ «-»MH|iig ahatiatta fba aatnnl pgrroeleGlric reqjMase of a 
coaventional tS oystal tbst hu ooc beta pceeooditfaoBd in ttcodmBe with ihc 



A wt&r of LN 76 fBm in diameter «id 0 J QUI thick isiorted with the 
nonnal to the 64» rotated y-<lircctioq 

a uiawuii o nal Emrican'on method. The wafer wa» poUahed on one cde asd wis 
fff|qrH» nd tnnshicent. Tfas wafer wu electricalty. aentxalixod on a hot plstB at 
I23*C. FOUowing dcctxical neoxralizadoa. the woftr was cooled to StTC over 45 

10 mimrtBS «od held at 80*C using the same hot plate. U«m« a ttboretory electroaatic 
field meter available under tbe txadenwBk Digita) Siat-Aic 2, Model No. 282-1 ftom 
Mooioe Elecmmica, the wafer sai&oe was measured to haw a charge of at least 
5 X 10*' conlombs based on the total sisfece area of the wa£sr. The surfaoe dtarge 
was monitored cosziDnousIy and recorded every five miiiutca. After nxt^Uy abont 

IS anehfniratSO^tfaesur&cechczscwasremeasnredandobsermiiDdBcayalow^ 
appnuumately 60 peiccm of tbc originai sm&ce cfaaxge. b was only aSer an 
extended period of Aoaf IS hnnia at UTC. dial the total nnteeGfaaq^ was ctacmd 
to dissipate to a level bdow S X 10>" onlooda based oa the total ente 
wafer at SCrp, die deteclioa Unnt of dw elecmntaiie field inet«r. 

20 indnsoonipaiaiiwveKaniplethBKtrfwecltargpaBdilsdDcaywasobaarvadat. 

At xoom tcmpcratme die lengdi of tixae needed to alkrw die smfux charge to 
decay below detBCtablB limits would be cma hnser. 

Hiis comparative example ilhistrates the suxfaoe charging of an ID wafer 
rft rftiwj firtww the naimal pyioelectric l e s po nsc <tf LN and die leagBi of dnw needed 

3S tonatordlydissipatsd»bai)t-iipd»ige. 



In diss exami^ LN wafera are preoondi tinned to increase thar abiKiy to 
reduce sur&ce char^Epng m aoooxdaoce with the present inveiition. 

Wafers of LN were cut from die saine bouk dfflt served as die eooico of die 
30 wafer in die C ompau t i ve y^wnplf. ibe wafers were poHshed and l^ped in ra 
identical oMOTier as the wafer desenTwd in d» Compaiative Eunnpie. These wafin 
vrm placed in a sealed oven doongh which a ouxtore of 85% mlnffsfi nd 
IS^&hythogen gas was flowed at a lata of approximately 1.5 Htas per iniittile. Tbe 
oTcn ftwnfrif*^ * «tii— <Mi«t ftirn«ae with ahcgiamtaL 4'inch diamcttrahttnios 
35 process tube. The wafcia were sopported by ainmlna camen placed in dw center of 
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tbe process tube. The atamina process tobe extooded out of the fiiroaoc so that its 
ends wdc c jtp o sf ^ and remained cool O-ring seals on tbo alumina process tnbc 
provided a sealed tescc cavity. The wafer was loaded into the piDcess tabc, whicb 
wns then seated with end caps. The gs8 flow waj initiated and the fiimacc heating 
5 schedule begon. The fttrnace mmp eratore was increased from room cemperanre to 
Cbe target tempe ra t u re at a rate of about 6.7^ per minute. Once flie tatget 
t etmw ffM '* was reached, the tempctature was maintained for a pxedetennxned dwcH 
time. After the dvdl tiine. the fUmace was allowed to cool natunlly, wfaOe the 
oysuls xemained in tin diemicaUy nsducing atmo^here imtU tfadr tempmitwr n 
10 leafibed less lhai lOOPC After leadimg less than aboon lOCTC. the aooosphere 
BToxmd the crystaU was slowly changed to an oxidizij^ atmosphere by introduction 
of air into tte oven. Aftrr mK^rtfrg tonnmaftire^ die wafers were removed &om 
tite fisBsce end dieir visoal aiifmiiuc e was observed quaUtadvely woA teooidecL 
X-oy difltaion analysis coofinaed the Qrigixial crystal strnctuzB of dm matetiaL 
13 The pzecoxiditkiindwafeawcm subjected to t)» same hot plain tn^^ 

in the CoaqMratiTe Exampte to ascextais the sur&ce cbar^ of the wafios after being 
exposed to a t e mpcra t nr e change and the charge decay time required for the snr&ce 
dtazge to fall bdow Ote 5x10-** coulomb lower detectioa tenit of the dectjostuic 
field meter. For dmse wafers where the target te m pa a t uj L was set at 50O*C or 
20 greater and the wafer wherein the target temperature was 400*^ and the dwdl time 
was 20O mi pttfgy . the sarfitcc daarge measured immediately before, duxing and after 
oonqdetion of codling to 80*C was bdow the dewaioo Imiit of the electrostatic fieM 
meter. From dii* observation, it was pi es umed diat the charge had decayed in less 
aunlseooad. Tbesutfaceresistivity of ttewato wasdetonniiiedmiiigaKdi^ 
25 Instnaneott Mod«1487 pieoainiiieCfiAraltaffe souree logedier with a ModdSOOB 
lesisitvitytestfixBBeL Thesuiteieaislwitywasmewaredbyapirfy^ 
200 volts across die dtcalar ^tp between the two electrodes. Tbo electrodes were 
citcnlar (one laxger doughmn-shaped electrode, and a smaller cttcolar-dnped one 
located within tlw hager dectiode) and were contacted to d» polished wafer sinfecc 
30 usfaig eoBdsdive ndiber. Ihe "efifacdve perisneta^ of <he cacolar eleetxode was 
1&97 ffiTtiw*-* (ti.68 iocfaes) and ite gaip wtdtti was 0J2 «XDtimetm (1/8 of an 
hxfa). The snrfiwwsistivily-^ it given by «.6aA>.25xUn- 53.4 xuy^ 
the 200 voUs applied, and t was the emtA across the gsp read about one minate 
after allying dw voltage, when the displ^ was stable. The resnhs are summarired 
35 in Table 1. 
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Pmoacc 
Target 


DweU 
Time 


Color 


Snrfkce 
Charge 


Sur&ce 
ResistivtQr 


Qurgo Decay 
Time at 80^ 


rc) 


(nnsutBs) 




(ccRiloxiibs) 


{otons} 








colortess/ 


5.0 E-9 




164- 


(Comiwatjve 
Exmple) 












400 


I 


voy U^it ffCf- 


5.0 E-9 


9.I1E-«>I3 


16*- 


400 


200 




<5.0E-1I 




<lsec 


500 




tUcyAiinslnsent 


<3.0E-" 




<taec 


550 




gnyAzioslnBeot 


<5.0E-" 




<l see 


650 




dnk p^r/ 


<S.OE-" 


IJSE^ll 


<] tec 


700 




btack/opaqoe 


<5.0E-1> 




<l»ec 


750 






<5.0B-» 


2.1B^10 


<lfOC 


800 






<5,0B-" 


6.4B*10 


<1 woe 


1030 






<5.0E-» 


I.TM 


<icBe 



This omnpte ilhttlreta how prrcondmnned LN ciyrtai wif era of the pwsent 
5 invemwocffectWeJy reduce chatfngofiherorfaoe of an Uiciy^ 

K bbcUevedtfiatthecazBepca of thepTBsem imfentioD csn easily be eppKed 
to variow LN or LT crystals having a wide variety of phyakal dwactejistics, soch 
as wafcta of varying diameters, thictoaesaes and oi t m tatinrrt This can be 
accotnpHdwd by sdectuag appropria te fisaace Inium mines. &>teSl times, dmucafly 
10 fcdoctng astnspheres and odier parametert. The ooocepts of the present wvwUoa 
coold also be appbed ti> wafers eitl» before cr after the wafte hme heen pofiaM 
oreventosUbsef oystalnateiial. b addhsoo, ineifaod of the p«setf iflmoAioa 
may be perfonncd at difieroit stages of tfaa mamtftrtiwing of deyiee*. sodi as ater 
deaaang or metal depositiop on Qie wafers. 
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the advantages pruvtded by pr wiOTyd i tiffn y^ oystals of tbo pcesent inveoiifm 
and die taxAoA of precoodhiaoing crystals in accordance vidi die present isventxon 
ixe applicable to LN and LT crystals that are sufajecsed co mami&ctnrmg con dmotw 
diat invoke eitber a pyroelectxic or ptezoelecttic response dut results in die buildup 

5 of unwaoted sorbce cfaaiges. The abilt^ of oystals precoadiltooed in a rr op rin nm 
with the present ioventiaa to reduce the Innld op of stiriacg charges is not bcsUeved (o 
adveisely affect the ^lity of die crystal to pecfonn in its incni drd manner F«r 
UKtBBce, fbr SAW based devtxass, dte firquency of the mtxhantcal Strcsa eoixwntrred 
m noraial operanon aal tbg resulting response is hig^ enottgfa diai any 

10 me of iHifir*****" of the sn&oe chaiga fauildtip, cesoltiiig from prBcnnriitHwnng die 
crystal in •'•"^'^ widi (he pc e sent i n ven t io n does not af&ct tbe pexfonmncc of 
die device usunixnatxng tfaecrystaL On the elhg hand^ the pi c cond hiooed oystals 
of die present in TOotio n are able to e£Gectively lednce the unwanted smftce charge 
tuiMiip f^qitring Crom cenqpentuxe changes or mechanical stresses originating fimn 

IS die process of mannfiKtozing the device in which die ccystal ts ino o ipo nt ed, or 
oocturing during ose of die device, because the fiequcacy of die cii^^ 
tanpetatuie dangebnmA less dian die fi e<i iKncy cnix>pnteredta 
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is dsnssd iTB defined nfixDows 

' 1. A metbod for pitcooditiosing a Hthhsn ciobatc or lithiian t« n t»1>l 8 
oysisl to inoease the cjyst»l*< diiHty to rednce electrie cfaafgiBg of the ccytttl 
tuxfac o wmjH iriflff 

heating the cxyital iSMkr a cfaemkaliy tedttciQg 

qrN>r«-Wna ttw. rryctel hy nAicmg tti t mipuatujc to bdow «bout 230*C nodcT 

t cfacmicaliy rtdncuig a mmsph ew. 

2. Tbe method of Ctoim U ^f^nciD the czystal is quenched Vy redocng 
its tempentare to betweai aboat 25<r>C K> alwut tOO^ imdsr a eta 

3. Tte meted of ClWml, tbilher oonipsisfaig a step ef oooUng Ab 
qoencbed gyrtal to room H rtip f f ■n i r e under an mridiri ng atmoiiiherB. 

4. Then»(hod of Clxnn 1, vritemntbebcatiagstcpinvoKcataB^^ 
crystal to a tempama re greater tfasn 400^ 

5. mmerfiod of Claim 4, wlKrein the hearing step invoh^ 
gystal to i ten ipe:» *nre r^ng'^g bctwt^ afaont 400^ to aboot Kl4(rC. 

6. The itiediod of Claim I, wberesD the chemxcatty reducing itmoqihBre 
comprises pues selected ftom argoo, water, hydrogen, ailmgaii caibeo SadOa^ 
caifaon mooccddo, and combaa ition a thereot 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

l^xlMS!GE CUT OFF AT TOP, BOTTOM OR SIDES 
CMaDED TEXT OR DRAWING 
\^^^BSED OR ILLEGIBLE TEXT OR DRAWING 
^SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
^UNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




